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METHOD FOR AVOIDING AN OFFSET OF A
MEMBRANE OF A ELECTRODYNAMIC
ACOUSTIC TRANSDUCER

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims priority to Austria Patent Appli-
cation No. A50243/2017, filed on Mar. 27, 2017, which 1s
hereby incorporated by reference 1n 1ts entirety.

BACKGROUND OF THE INVENTION

The invention relates to a method for avoiding an oflset of
a membrane of an electrodynamic acoustic transducer hav-
ing two voice coils. Moreover, the mvention relates to an
clectronic offset compensation circuit, which 1s designed to
be connected to a coil arrangement of an electrodynamic
acoustic transducer. The electrodynamic acoustic transducer
comprises a membrane, a coil arrangement attached to the
membrane and a magnet system being designed to generate
a magnetic field transverse to a longitudinal direction of a
wound wire of the coil arrangement. The coil arrangement of
said transducer comprises two voice coils. Finally, the
invention relates to a transducer system, comprising an
clectrodynamic acoustic transducer and an electronic offset
compensation circuit of the kind above, wherein the elec-
tronic oflset compensation circuit 1s electrically connected to
the coil arrangement.

A method, an electronic circuit and a transducer system of
the kind above generally 1s known in prior art. In this
context, US 2014/321690 A1 discloses an audio system that
comprises an electro-acoustic transducer connected to a first
driver circuit and a second driver circuit. The electro-
acoustic transducer comprises a first coil stacked on a
second coill mechanically linked to a membrane, with the
coils oscillating 1n the magnetic field of a permanent magnet
focused by a pole plate. The first coil and the second coil are
mechanically arranged symmetrical to the pole plate 1n a rest
position.

While in US 2014/321690 A1 the first and the second coil
are considered to rest in a magnetic zero position, reality
shows that this condition cannot be fulfilled under all
circumstances. Generally, such a deviation may be caused
by a specific design and/or tolerances during manufacturing.
As a consequence, the audio output of the transducer can be
distorted, particularly at high power levels, and/or algo-
rithms for calculating a membrane position can output
wrong values.

SUMMARY OF THE INVENTION

Thus, 1t 1s an object of the invention to overcome the
drawbacks of the prior art and to provide an improved oilset
compensation method, an improved electronic oflset com-
pensation circuit and an improved transducer system. Par-
ticularly, an offset of a membrane from a desired position
shall be avoided.

The mventive problem 1s solved by a method as defined
in the opening paragraph, whereimn a control voltage 1is
applied to at least one of the voice coils and altered until the
electromotive force U,, 4 of the first coil or a parameter
derived thereof and the electromotive torce U,_, ., of the
second coil or said parameter derived thereof substantially
reach a predetermined relation. In other words, a control
voltage 1s applied to at least one of the voice coils and altered
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torce U,,, 4 of the first coil and the electromotive force U_, -,
ol the second coil substantially equals a desired relation or
until the instantaneous relation between a parameter derived
from the electromotive force U_, o of the first coil and the
parameter derived from the electromotive force U_, ., of the
second coil substantially equals a desired relation. The
clectrodynamic acoustic transducer has a coil arrangement
with two voice coils, which coil arrangement 1s attached to
the membrane, and has a magnet system being designed to
generate a magnetic field transverse to a longitudinal direc-
tion of a wound wire of the coil arrangement.

Additionally, the mnventive problem 1s solved by an elec-
tronic oflset compensation circuit as defined 1n the opening
paragraph, wherein the electronic offset compensation cir-
cuit 1s designed to apply a control voltage to at least one of
the voice coils and to alter said control voltage until the
electromotive force U, , of the first coil or a parameter
derived thereot and the electromotive force U_, » of the
second coil or said parameter derived thereol substantially
reach a predetermined relation.

Finally, the inventive problem 1s solved by a transducer
system, comprising an electrodynamic acoustic transducer
and an electronic oflset compensation circuit of the kind
above, wherein the electronic offset compensation circuit 1s
clectrically connected to the transducer’s coil arrangement.

In real applications, the first and the second coil often do
not rest 1n a magnetic zero position. In other words, the 1dle
position of the membrane (x=0) often does not coincide with
the point where the electromotive force U, 4 of the first coil
equals the electromotive force U, - of the second coil. This
may be caused intentionally by design or unintentionally by
tolerances.

By the disclosed measures, the coil arrangement 1s shifted
to a desired i1dle position, which 1s characterized by the
relation between the electromotive force U, , of the first
coill/a parameter derived thereof and the electromotive force
U,,.» of the second coil/said parameter derived thereot. This
relation can be a particular ratio or a difference between said
values. “Substantially” 1n the given context particularly
means a deviation of £10% from a reference value. How-
ever, 1t should be noted that the aim of the control method
generally 1s a zero deviation from the reference value.

The desired 1dle position especially can be the magnetic
zero position, 1n which the idle position of the membrane
(x=0) coincides with the point where the electromotive force
U,,.» of the first coil equals the electromotive force U, », of
the second coil (i.e. a ratio between said values 1s substan-
tially 1, respectively a diflerence between said values 1s
substantially O then). In other words, the conjunction area
between the voice coil 1n this case i1s held in a position, 1n
which the magnetic field of the magnet system reaches a
maximuin.

By use of the proposed method/the proposed electronic
oflset compensation circuit, the membrane may be shitted
into that position, which 1s intended as the i1dle position by
design thereby compensating tolerances and improving the
performance of the transducer in general. For example,
distortions of the audio output of the transducer can be
reduced 1n this way. Furthermore, symmetry may be
improved thereby allowing for the same membrane stroke 1n
forward and backward direction. In yet another application
algorithms {for calculating a membrane position are
improved by the proposed measures.

Generally, the control voltage should not interfere with
sound output by the transducer, but should just compensate
an oilset position of the membrane in a more or less fast way.
Accordingly, the control voltage beneficially 1s slow in
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comparison to the sound. In other words, a frequency of an
alternating component of the control voltage beneficially 1s
low 1n comparison to the frequencies of the sound. In case
ol micro speakers, a frequency of an alternating component
of the control voltage may be 50 Hz. For other speakers this
frequency may be 10 Hz. In view of a fast changing sound
signal, the control voltage may be seen as a DC-voltage. In
special cases, the control voltage indeed may be a DC-
voltage. Alternatively, the control voltage may comprise an
alternating component and a constant component.

The disclosed measures are of particular advantage 1n the
context of methods or systems for calculating a position of
the transducer’s membrane. For example, a method for
calculating the excursion x of membrane of an electrody-
namic acoustic transducer, in particular of a loudspeaker,
comprises the steps of
a) calculating a velocity v of the membrane based on an
iput voltage U, and an input current I, to a coil of the
transducer and based on an 1dle driving force factor BL(0)
of the transducer in an idle position of the membrane;

b) calculating a position x of the membrane by integrating,
said velocity v;

¢) calculating the velocity v of the membrane based on the
input voltage U, and the input current 1. to the coil of the
transducer and based on a driving force factor BL(x) of the
transducer at the position x of the membrane calculated in
step b) and

d) recursively repeating steps b) and c).

In this context, also an electronic oflset compensation
circuit 1s presented, which 1s designed to be connected to the
coil arrangement of the electrodynamic acoustic transducer
and which 1s designed to
a) calculate a velocity v of the membrane based on an 1mput
voltage U and an input current I, to a coil of the transducer
and based on an idle driving force factor BL(0) of the
transducer 1n an 1dle position of the membrane;

b) calculate a position x of the membrane by integrating said
velocity v;

¢) calculate the velocity v of the membrane based on the
input voltage U, and the input current I to the coil of the
transducer and based on a driving force factor BL(x) of the
transducer at the position x of the membrane calculated in
step b) and to

d) recursively repeat steps b) and c).

In the above context, the electronic oflset compensation
circuit position comprises the functions of a position calcu-
lation module and a oflset compensation module. Accord-
ingly, the electronic offset compensation circuit may also be
termed “electronic offset compensation and position calcu-
lation circuit” in the above context.

Furthermore, the electronic offset compensation circuit
being electrically connected to the coil arrangement may be
part of the transducer system. Particularly, an electronic
oflset compensation module and the electronic position
calculation module may be part of the same electronic
circuit. Moreover, an amplifier driving the electrodynamic
acoustic transducer may be part of the electronic oifset
compensation circuit, too.

By the measures presented above, the position x of the
membrane can be determined without the need of additional
means 1n the transducer. Instead, just the coil 1s needed,
which 1s part of an electrodynamic acoustic transducer
anyway. By application of the control voltage as disclosed
above, the integration of the membrane velocity starts at the
intended zero position of the membrane. That 1s why the
membrane position X can be calculated with high accuracy.
Having the position of the membrane, non-linearity of the
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driving force factor BL(X) can be compensated thus even
more reducing distortions of the sound output by the elec-
trodynamic acoustic transducer. In other words, sonic waves
emanating from the transducer nearly perfectly fit to the
clectric sound signal being applied to the transducer. Alter-
natively, or in addition, the level of the electric sound signal
may be limited, or 1t may be cut off at high membrane
excursions X so as to avoid damages of transducer.

The proposed electronic offset compensation method and
circuit particularly apply to micro speakers, whose mem-
brane area is smaller than 300 mm~. Such micro speakers are
used 1n all kind of mobile devices such as mobile phones,
mobile music devices and/or 1n headphones.

It should be noted that the position calculation method
and the position calculation module as well as a transducer
system comprising such a position calculation module can
form the basis of an independent invention without the
limitations of claims 1 and 18.

Further details and advantages of the audio transducer of
the disclosed kind will become apparent in the following
description and the accompanying drawings.

Beneficially, the electromotive force Uemil of the first
coil and the electromotive torce U_, - ot the second coil can
be calculated by the formulas

U

&rH

=U (D=2 1, (1)

Uem - LFIIHE (f) -Z 2 gl in (f)

wherein 7, 1s the (instantaneous) coil resistance of the
first co1l, U_ . (t) 1s the nput voltage to the first coil at the
time tand I (t) 1s the input current to the first coil at the time
t. Accordingly, Z - 1s the (instantaneous) coil resistance of
the second coil, U, ,(t) 1s the input voltage to the second coil
at the time t and I (t) 1s the mput current to the second coil
at the time t. It should be noted that the first and the second
coil are switched 1n series so that the current I (t) 1s the same
for both coils.

Furthermore, 1t should be noted that Z-, and Z,., are
complex numbers 1n the above formulas. However, for a
simplified calculation also the (real valued and instanta-
neous) coil resistances of the first coil and the second coil
R, and R -, may be used 1instead of the complex values 7,
and Z -, thus neglecting capacitive/inductive components of
the coil resistance. Accordingly, “Z~,” may be changed to
“R~7, “Z~,” may be changed to “R,,” and “Z,-" may be
changed to “R ., 1n this disclosure. For the formulas for the
electromotive force U, - of the first coil and the electro-
motive force U, » of the second coil for example this means

Uemﬂ —Uinl (I)_R C1 .I:in(r)

Uemﬂ —Yi (f) —R 2 .j'rz'n(r)

It should also be noted that the coil resistance 7, 1s not
necessarily constant over time, but may change 1n accor-
dance with a coil temperature for example. For measuring
the coil resistance 7 an (inaudible) tone or sine signal may
be applied to the transducer. In case of a micro speaker such
a tone or sine signal particularly may have a frequency
below 100 Hz, for example 50 Hz. It should be noted that the
coil resistance 7~ slowly varies over time. That 1s why the
coil resistance Z . 1s considered as to be constant 1n view of
the fast vanation of the iput voltages U. ,(t) and U, ,(t) and
in view of the mput current to the second coil at the time t.
However, strictly speaking the coil resistance may also be
denoted with “Z -(t)”.

Beneficially, a parameter derived from the electromotive
torce U, ., U, » 1s an absolute value ot the electromotive
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torce U, ., U, », a square value of the electromotive force
U,,.as Ugnm OF a root mean square value of the electromo-
tive force U,,, 4. U, ». Accordingly, a control voltage may
be applied to at least one of the voice coils and altered until
an absolute value of the electromotive force U,, 4 of the
first coil and an absolute value of the electromotive
torce U,, » of the second coil or
a square value of the electromotive force U, 4 of the first
coil and a square value of the electromotive torce U, -,
of the second coil or

a root mean square value of the electromotive torce U, 4

of the first coil and a root mean square value of the

electromotive torce U, » of the second coil
substantially reach a predetermined relation. In this way, the
oflset compensation method 1s based on a relation of the
energy 1n the coils respectively based on a relation of a
parameter derived from the energy in the coils due to the
clectromotive force. Especially if the predetermined relation
1s a predetermined ratio, mathematical operations may be
applied to both the numerator and the denominator without
changing the ratio.

In a very advantageous embodiment, a control voltage 1s
applied to at least one of the voice coils and altered until the
low pass filtered electromotive force U, 4 of the first coil/a
parameter derived thereof and the low pass filtered electro-
motive force U, » of the second coil/said parameter derived
thereot substantially reach a predetermined relation. In other
words, the control voltage 1s applied to at least one of the
voice coils and altered until the electromotive force U_, 4 of
the first coil filtered by a first filter/a parameter derived
thereof and the electromotive torce U, », ot the second coil
filtered by said first filter/said parameter derived thereof
substantially reach a predetermined relation. Or a control
voltage 1s applied to at least one of the voice coils and altered
until the electromotive force U, , of the first coil/a param-
cter derived thereof and the electromotwe torce U, » of the
second coil/said parameter derived thereof substantlally
reach a predetermined relation below a particular frequency.
Concretely, the electromotive torces U, 4 and U, »/param-
cters derived thereof can be determmed in the Whole audio
band 1 a first step, the energy of the electromotive forces
U,.n and U_ . respectively a parameter thereof can be
determined 1n a second step, and the result of the second step
can be low pass filtered by a filter 1n a third step before the
signals obtained 1n the third step are used for application of
the control voltage. In normal use, signals comprising a
bunch of frequencies are fed into a transducer, e.g. ranging,
from 100 Hz to 20 kHz in case of a micro speaker and from
20 Hz to 20 kHz 1n case of other speakers. Without limiting
the disclosed oflset compensation method to low frequen-
cies, €.g2. by use of a low pass filter, application of the control
voltage can foil the conversion of the applied signal. The
border frequency of such a first filter may be 50 Hz in case
ol a micro speaker and 10 Hz case of other speakers. Further
preferred values are 20 Hz 1n case of a micro speaker and 5
Hz case of other speakers.

Advantageously, a delta sigma modulation 1s used for
applying a control voltage to at least one of the voice coils.
In this case, a deviation from the target relation between the
clectromotive force U__, of the first coil/a parameter
derived thereof and the electromotwe force U, » of the
second coil/said parameter derived thereof 1s summed with
opposite sign and applied to the coil arrangement thus
compensating the above deviation. A delta sigma modulator
can also be considered as an integral controller, and other
integration controllers may be used for the application of a
control voltage to at least one of the voice coils as well.
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In a preferred embodiment, the signal output by the delta
sigma modulator 1s fed into a second filter before it 1s
applied to the coil arrangement, thus reducing or avoiding
instability in the control loop. As a result, the membrane 1s
slowly modulated 1n order to swing around the desired
position. The speed of this movement 1s defined by the lower
limit frequency of said second filter. In general, the disclosed
control loop can be realized by low order systems, but
performance may be enhanced by use of higher order control
systems, for example PID-control systems (proportional-
integral-derivative control systems).

Generally, the control voltage can be applied to one of the
voice coils of the coil arrangement. However, 1n a beneficial
embodiment, the control voltage 1s applied to both the first
coil and the second coil. In this way, the control voltage for
shifting the coil arrangement to the magnetic zero position
may be comparably low.

Beneficially, a sound signal 1s applied to both the first coil
and the second coil during application of a control voltage.

In this way, the ofl:

set compensation method and the mem-
brane position calculation method can be executed during
normal use of the electrodynamic acoustic transducer and
not just under laboratory conditions. It 1s equally imaginable
to output sound to one of the coils and the control voltage to
the other coil. Also 1n this case, a sound signal and the
control signal are superimposed.

Furthermore, it 1s advantageous 1 the sound signal 1s
applied just to an outer tap of the serially connected voice
coils, 1n particular by a single amplifier. Accordingly, just an
outer tap of the coil arrangement/serially connected voice
coils 1s electrically connected to an audio output of an
amplifier. In other words, a current caused by the sound
signal tlows into a first outer tap of the coil arrangement,
sequentially through each of the coils and out of a second
outer tap of the coil arrangement.

By these measures, the technical complexity of a trans-
ducer system and costs for producing the same are reduced.
At the same time reliability 1s increased. Concretely, wiring,
of the electrodynamic acoustic transducer 1s eased. Particu-
larly, the electrical connection to outer taps of the coil
arrangement are the only electrical connection between the
amplifier and the coil arrangement.

By eliminating the need of a separate amplifier for each
voice coil of the coil arrangement, reliability can substan-
tially be increased. For coil arrangements having two voice
coils, the risk for a failure of the amplification part of the
transducer system 1s reduced by 50%.

It should be noted that the application of a sound signal
just to an outer tap of the serially connected voice coils as
well as a transducer system with those features can form the
basis of an independent invention without the limitations of
claims 1 and 18.

The amplifier may be an unipolar amplifier having one
sound output and a connection to ground. In this case one
outer tap of the coil arrangement/serially connected voice
coils 1s electrically connected to the audio output of the
amplifier, the other one 1s connected to ground. However,
the amplifier may also be a bipolar one having two dedicated
sound outputs. In this case one outer tap of the coil arrange-
ment/serially connected voice coils 1s electrically connected
to a first audio output of the amplifier, the other one 1s
connected to the other second audio output. Generally, an
amplifier may have more amplification stages. In this case,
the outputs of the intermediate stages are not considered to
have an “audio output” for the concerns of this disclosure.
The “audio output™ 1s the output of the very last stage, which
finally 1s connected to the transducer.
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Beneficially, a connection point between two voice coils
1s electrically connected to an mnput of the oflset compen-
sation circuit. In this way, the voltage at the connection point
may be used for controlling the transducer system. In
particular, an oflset of the coil arrangement from a zero
position may be detected and corrected.

Particularly, the electrical connection to outer taps of the
coil arrangement and the electrical connection to the con-
nection point between two voice coils are the only electrical
connections between the amplifier and the coil arrangement
in the above case. The connection point between two voice
coils moreover may be connected just to an input of the
oflset compensation circuit. In this way, wiring between the
amplifier and the electrodynamic transducer 1s comparably
casy 1n view of the function of the transducer system.

In yet another beneficial embodiment, the velocity v, the
iput voltage U, the input current I, , the idle driving force
tactor BL(0), the driving force factor BL(x) and the position
x are related to the same point 1n time t. In this way, the
position X of the membrane at a particular point 1n time may
iteratively be calculated by recursively repeat steps b) and ¢)
until a desired accuracy 1s obtained. For example, a devia-
tion of positions x calculated 1n subsequent iterations respec-
tively 1n subsequent steps ¢) can be determined for deter-
mination of the obtained accuracy.

In another beneficial varant of the presented method, the
velocity v, the input voltage U , the input current I, , the idle
driving force factor BL(0), the driving force factor BL(x)
and the position x are related to different points 1n time t. In
this way, the determination of the position x of the moving
membrane 1s an ongoing process. Particularly, the method
comprises the steps of
a) calculating a velocity v(t) of the membrane based on an
input voltage U, (1) and an input current I, (t) to a coil of the
transducer and based on an 1dle driving force factor BL(0)
of the transducer in an idle position of the membrane;

b) calculating a position x(t) of the membrane by integrating,
said velocity v(t);

¢) calculating the velocity v(t+1) of the membrane based on
the input voltage U_ (t+1) and the nput current I (t+1) to
the coil of the transducer and based on a driving force factor
BL(x(t)) of the transducer at the position x(t) of the mem-
brane calculated 1n step b) and

d) recursively repeating steps b) and c¢) wherein t gets t+1.

The method involves a phase shift and an error of the
calculated membrane position X 1n view of the actual mem-
brane position. However, this phase shift and this error may
be kept low 1f the calculations are fast in relation to the
moving speed ol the membrane. Generally, the phase shift
and the error are the lower the lower the frequency of the
membrane 1s and the higher a clock frequency of a calcu-
lating device (e.g. the electronic oflset compensation circuit)
1S.

Beneficially, the position x of the membrane 1s calculated
by the formula

x(D)=x(1-1)+v(r)-At

which 1s a numerical representation of

x(O)=[v(1)-dt

Furthermore, 1t 1s advantageous, 11 the velocity v of the
membrane 1s calculated by the formula

viy=(U, (1)-Z~1,(1))/BL(0) 1n step a) or by

vit+1)=(U, (t+1)-Z 1, (t+1))/BL(x(t)) 1n step c)
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In this way, the calculation 1s based on the electromotive
torce U_, ~ot a coil, which can easily be calculated by

Uemf: er'n (r)_ZC .Iin(r)

wherein 7 1s the coil resistance.
In an alternative variant of the presented method the
velocity v of the membrane 1s calculated by the formula

v(t+1)=v_(r+1)-BL(0)/BL(x(t)) 1n step ¢) wherein

v_({+1)=(U,,(t+1)-Z~L,,(t+1))/BL(0)

Here, a rough approximation of the velocity v~ of the
membrane 1s calculated with the idle driving force factor
BL(0) in the idle position of the membrane 1n a first step,
which 1s corrected then by a factor showing the relation
between BL(0) and BL(x).

Beneficially, the velocity v of the membrane 1s calculated
by use of

the electromotive torce U, o of the first coil or

the electromotive torce U, » of the second coil or

the sum of the electromotive force U, , of the first coil
and the electromotive force U, » of the Second coil.
Depending on which coil resistance and which driving force
factor 1s known, the velocity v of the membrane can be
calculated by use of one or more of the following formulas:

VO~V (=Zcy 1, (1) BL1
V= Usa(O)=Z o1, () BL2

VIO Ut O+ U2 (O~ (Zy+Z o)1, (1)) BL1 2

wherein BL12 1s the driving force factor of the whole coil
arrangement.

It should be noted at this point that the various embodi-
ments for the method and the advantages related thereto
equally apply to the disclosed electronic circuits and the
transducer system and vice versa.

BRIEF DESCRIPTION OF THE

DRAWINGS

These and other aspects, features, details, utilities, and
advantages of the invention will become more fully apparent
from the following detailed description, appended claims,
and accompanying drawings, wherein the drawings 1llustrate
features 1n accordance with exemplary embodiments of the
invention, and wherein:

FIG. 1 shows a cross sectional view of an exemplary
transducer:

FIG. 2 shows a simplified circuit diagram of the trans-
ducer 1 shown in FIG. 1;

FIG. 3 shows exemplary graphs of the driving force
factors of the first and the second coil of the transducer
shown 1n FIG. 1 and

FIG. 4 a more detailled embodiment of a transducer
system.

Like reference numbers refer to like or equivalent parts 1n
the several views.

DETAILED DESCRIPTION OF

EMBODIMENTS

Various embodiments are described heremn to various
apparatuses. Numerous specific details are set forth to pro-
vide a thorough understanding of the overall structure,
function, manufacture, and use of the embodiments as
described in the specification and illustrated in the accom-
panying drawings. It will be understood by those skilled in
the art, however, that the embodiments may be practiced
without such specific details. In other instances, well-known
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operations, components, and elements have not been
described 1n detail so as not to obscure the embodiments
described 1n the specification. Those of ordinary skill in the
art will understand that the embodiments described and
illustrated herein are non-limiting examples, and thus 1t can
be appreciated that the specific structural and functional
details disclosed herein may be representative and do not
necessarily limit the scope of the embodiments, the scope of
which 1s defined solely by the appended claims.

Reference throughout the specification to *‘various
embodiments,” “some embodiments,” “one embodiment,”
or “an embodiment,” or the like, means that a particular
feature, structure, or characteristic described 1n connection
with the embodiment 1s included 1n at least one embodiment.
Thus, appearances of the phrases “in various embodiments,”
“in some embodiments,” “in one embodiment,” or “in an
embodiment,” or the like, 1n places throughout the specifi-
cation are not necessarily all referring to the same embodi-
ment. Furthermore, the particular features, structures, or
characteristics may be combined 1n any suitable manner 1n
one or more embodiments. Thus, the particular features,
structures, or characteristics 1llustrated or described 1n con-
nection with one embodiment may be combined, 1n whole or
in part, with the features, structures, or characteristics of one
or more other embodiments without limitation given that
such combination 1s not 1llogical or non-functional.

It must be noted that, as used 1n this specification and the
appended claims, the singular forms “a,” “an” and “‘the”
include plural referents unless the content clearly dictates
otherwise.

The terms “first,” “second,” and the like 1n the description
and 1n the claims, if any, are used for distinguishing between
similar elements and not necessarily for describing a par-
ticular sequential or chronological order. It 1s to be under-
stood that the terms so used are interchangeable under
appropriate circumstances such that the embodiments of the
invention described herein are, for example, capable of
operation 1n sequences other than those 1llustrated or other-
wise described herein. Furthermore, the terms “include,”
“have,” and any varnations thereot, are intended to cover a
non-exclusive inclusion, such that a process, method, article,
or apparatus that comprises a list of elements 1s not neces-
sarilly limited to those elements, but may include other
clements not expressly listed or inherent to such process,
method, article, or apparatus.

All directional references (e.g., “plus”, “minus”, “upper”,
“lower”, “upward”, “downward”, “left”, “right”, “leftward”,
“rightward”, “front”, “rear”, “top”, “bottom”, “over”,
“under”, “above”, “below”, “vertical”, “horizontal”, “clock-
wise”, and “counterclockwise™) are only used for identifi-
cation purposes to aid the reader’s understanding of the
present disclosure, and do not create limitations, particularly
as to the position, orientation, or use of the any aspect of the
disclosure. It 1s to be understood that the terms so used are
interchangeable under appropriate circumstances such that
the embodiments of the invention described herein are, for
example, capable of operation in other orientations than
those 1illustrated or otherwise described herein.

As used herein, the phrased “configured to,” “configured
for,” and similar phrases indicate that the subject device,
apparatus, or system 1s designed and/or constructed (e.g.,
through appropriate hardware, soitware, and/or compo-
nents) to fulfill one or more specific object purposes, not that
the subject device, apparatus, or system 1s merely capable of
performing the object purpose.

Joinder references (e.g., “attached”, “coupled”, “con-

nected”, and the like) are to be construed broadly and may
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10

include intermediate members between a connection of
elements and relative movement between elements. As such,
joinder references do not necessarily infer that two elements
are directly connected and 1n fixed relation to each other. It
1s intended that all matter contained 1n the above description
or shown 1n the accompanying drawings shall be interpreted
as 1llustrative only and not limiting. Changes 1n detail or
structure may be made without departing from the spirit of
the invention as defined 1n the appended claims.

All numbers expressing measurements and so forth used
in the specification and claims are to be understood as being
modified 1n all mnstances by the term “about” or “substan-
tially”, which particularly means a deviation of £10% from
a reference value.

FIG. 1 shows an example of an electrodynamic acoustic
transducer 1, which may be embodied as a loudspeaker, in
cross sectional view. The transducer 1 comprises a housing
2 and a membrane 3 having a bending section 4 and a center
section 5, which 1s stiffened by a plate 1n this example.
Furthermore, the transducer 1 comprises a coil arrangement
6 attached to the membrane 3. The coil arrangement 6
comprises a first coil 7 and a second coil 8. The first coi1l 7
1s arranged on top of the second coil 8 and concentric to the
second coil 8 1n this example. Furthermore, the transducer 1
comprises a magnet system with a magnet 9, a pot plate 10
and a top plate 11. The magnet system generates a magnetic
field B transverse to a longitudinal direction of a wound wire
of the coil arrangement 6.

Additionally, the electrodynamic acoustic transducer 1
comprises three connection terminals T1 . . . T3 electrically
connected to the coils 7, 8 and connected to an electronic
oflset compensation circuit 12. The electrodynamic acoustic
transducer 1 and the electronic oflset compensation circuit
12 form a transducer system.

The excursion of the membrane 3 1s denoted with “X 1n
the example shown in FIG. 1, 1ts velocity with “v”. As
known, a current through the coil arrangement 6 causes a
movement of the membrane 3 and thus sound, which ema-
nates from the transducer 1.

FIG. 2 shows a simplified circuit diagram of the trans-
ducer 1 shown 1n FIG. 1. Concretely, FIG. 2 shows a voltage
source, generating the voltage U, ., which 1s fed to a serial
connection of a first inductance L1, which 1s formed by the
first voice coil 7, and a second inductance [.2, which 1s
formed by the second voice coil 8.

Finally, FIG. 3 shows a graph of a first dniving force factor
BL1 of the first voice coil 7 and a graph of a second driving
force factor BL2 of the second voice coil 8. The driving
force factors BL7 and BL8 may be measured as 1t 1s known
in prior art. In particular, FIG. 3 also shows the magnetic
zero position MP of the membrane 3 and 1ts desired idle
position 1P, which differs from the magnetic zero position
MP 1n this example.

A method for calculating the excursion x of membrane 3

1s now as follows:
In a first step a), a velocity v of the membrane 3 1s calculated
based on an 1nput voltage U, and an iput current I, to the
coils 7, 8 of the transducer 1 and based on an i1dle driving
force factor BL1(0), BL2(0) of the transducer 1 in an idle
position IP (where x=0 or assumed to be 0) of the membrane
3.

The velocity v of the membrane 3 may be calculated by
the formula

W=V, (0)-Z L (D) Y BL(O)

wherein 7 1s the coil resistance.
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Generally, the velocity v of the membrane 3 can be
calculated by use of
the electromotive force U_, 4 of the first coil 7 or
the electromotive torce U, ., of the second coil 8 or
the sum of the electromotive force U, 4 of the first coil
7 and the electromotive force U,, » of the second coil 8.
In a first example the electromotwe tforce U, 4 ofthe first
coil 7 1s used as a basis for the calculation. The clectromo-
tive force U, 4 1s calculated as tollows:

Uin1 (=211, (1)

Accordingly, the velocity 1s

Uem 2fl

V(O)=(U 1 (D-Z i, (1)) BL1(0)

In a second step b), the position x of the membrane 3 1s
calculated by integrating said velocity v. Either by

x(O)=[v(¢)-dt

or by

x(H)=x(t—1)+v(1)-At

In a next step c¢), the velocity v of the membrane 3 1s
calculated based on the input voltage U. and the input
current 1. to the coil 7 of the transducer 1 and based on a
driving force factor BL(x) of the transducer 1 at the position
X of the membrane 3 calculated 1n step b). In our example
the velocity v 1s calculated by the formula

WO~V (D—Zer L)Y BL1(x(Z))

Steps b) and c¢) are recursively repeated until a desired
accuracy 1s obtained.

In the above example, the velocity v, the input voltage U, |
the input current I, , the idle driving force factor BL(0), the
driving force factor BL(x) and the position x are related to
the same point 1 time t. That means, that a sample of the
input Voltage U. . the input current I, 1s taken once, and the
position X 1s calculated i several iterations.

However, the velocity v, the mput voltage U_ . the iput
current I. , the idle dnving force factor BL(0), the driving
force factor BL(x) and the position X may also be related to
different points 1n time t. If so, steps ¢) and d) are altered. In
step ¢), the velocity v(t+1) of the membrane 3 based on the
input voltage U. (t+1) and the mput current I (t+1) to the
coil 7 of the transducer 1 and based on a driving force factor
BL(x(t)) of the transducer 1 at the position x(t) of the

membrane 3 1s calculated. In our example using the first coil
7 this means

v+ 1) =(U,,(i+1)-Z 1, (t+1))/BL(x(2))

Accordingly, steps b) and c¢) are recursively repeated
wherein t gets t+1. In this way, the calculation of the position
X 18 an ongoing process, whose accuracy basically depends
on how fast the calculation 1s in relation to the velocity v of
the membrane 3. In simple words this means that the
calculation of the position x i1s the more accurate the lower
the frequency of the signal driving the membrane 3 1s.

As an alternative to the methods presented hereinbefore,
the calculation of the velocity v of the membrane 3 may be
done with the idle driving force factor BL(0) in the idle
position IP of the membrane 3 1n a first step, which 1s
corrected then by a factor showing the relation between
BL(0) and BL(x). Accordingly, the velocity v of the mem-
brane 3 can be calculated by the formula

vit+1)y=v_(t+1)BL(0)BL(x(1)) in step ¢) wherein

v_(+1)=(U,, t+1)-Z~1,,(+1))/BL(O)
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Here, v~ 1s a rough approximation of the velocity of the
membrane 3 calculated with the use of the 1dle driving force
factor BL(0) in the 1dle position IP of the membrane 3. This
velocity then 1s corrected by use of the factor BL(0)/BL(x
(1))-

In real applications, the 1dle position IP of the membrane
3 (x=0) often does not coincide with the point where the
electromotive tforce U, o of the first coil 7 equals the
electromotive torce U_ of the second coil 8. This leads to
a deviation of the Calculated position x of the membrane 3
from the real position of the membrane 3.

In other words, the conjunction area between the first coil
7 and the second coil 8 1s not 1n the same plane as the top
plate 11. This deviation may be caused by a specific design
and/or tolerances during manufacturing.

To avoid or reduce this deviation, a control voltage 1s
applied to at least one of the voice coils 7, 8 and altered until
the electromotive force U, 4 of the first coill 7 and the
electromotive force U, » of the second coil 8 substantially
reach a predetermined relation and until the coil arrange-
ment reaches a desired idle position IP. The electromotive
torce U, of the first coil 7 and the electromotive force
U,,.» ot the second coil 8 can be calculated by the formulas

Uemﬂ :er'nl (I)_ZCI .Iz'n (f)

Uemﬂ — LFIIHE (f) _ZCE .Iin (f)

Generally, said relation can be a particular ratio or a
difference between said values. Particularly, the desired 1dle
position IP can be the magnetic zero position MP, 1n which
the 1dle position IP of the membrane (x=0) coincides with
the point where the electromotive force U,,, 4 of the first coil
equals the electromotive force U, . of the second coil. In
this particular point a ratio between said values 1s substan-
tially 1, respectively a diflerence between said values 1s
substantially 0.

The application of the control voltage may also be based
on a parameter derived from the electromotive force U, 4.
U,,.»- Beneficially, said parameter is an absolute value of
the electromotive force U, , U_, -~ a square value ot the
electromotive force U, 4, U_, » or aroot mean square value
of the electromotive force U, o, U, .

Accordingly, the control voltage may be applied to at least
one of the voice coils 7, 8 and altered until a (root mean)
square value of the electromotive force U,,, 4 of the first coil
7 and a (root mean) square value of the electromotlve force
U,,.» of the second coil 8 substantially reach a predeter-
mined relation. Alternatively, the control voltage may be
applied to at least one of the voice coils 7, 8 and altered until
an absolute value of the electromotive force U, 4 of the first
coil 7 and an absolute value of the electromotive torce U, -
of the second coil 8 reach a predetermined relation. It should
be noted that the offset compensation method may also be
based on a relation of other parameters derived from the
electromotive torces U, 1, U, ».

Particularly, the electromotive forces U,, . and U, o/
parameters derived thereol are determined in the whole
audio band 1n a first step, the energy of the electromotive
torces U,, 4 and U_, ~ respectively a parameter thereof is
determined 1n a second step, and the result of the second step
1s low pass filtered by a first filter, which may be part of the
oflset calculation module 13. Finally, the signals obtained 1n
the third step are used for application of the control voltage
U r»7. For example, the cut ofl frequency of said low pass
filter 1s 50 Hz 1n case of a micro speaker and 10 Hz case of
other speakers. Preferably, the cut off frequency 1s 20 Hz 1n
case of a micro speaker and 5 Hz case of other speakers.
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Thus, a frequency of an alternating component of the control
voltage U ., 15 low 1n comparison to the frequencies of the
sound output by the transducer 1. Generally, the control
voltage U .-, may comprise a constant component and an
alternating component. In special cases, the control voltage
U, may also be a pure DC-voltage. The control voltage
1s applied to at least one of the voice coils 7, 8 and altered
until the electromotive force U, , of the first coil 7/a
parameter derived thereof sub stantlally equals the electro-
motive force U, » of the second coil 8/said parameter
derived thereof below the above frequencies.

The above-mentioned filter structures illustrate the 1ner-
tial behavior of the control loop. A realization of the control
loop may be based on state of the art control loop theory
based on PID controller (proportional-integral-derivative
controller) of arbitrary order.

In the examples presented hereinbefore, the electromotive
torce U, » of the first coill 7 was used to determine an
excursion x of the membrane 3. However, in the same way
the electromotive force U_,, », of the second coil 8 or the sum
of the electromotive force U, of the first coil 7 and the
electromotive force U, » of the second coil 8 may be used
for this reason. If so,

VD= (Usa(O)=Z o1, (1)) BL2

or

VOV (O+U,

may be used for the calculation of the velocity v of the
membrane 3, wherein BLL12 1s the driving force factor of the
complete coil arrangement 6.

The calculations presented hereinbefore as well as the
application of a control voltage to the coil arrangement 6
generally may be done by the oflset compensation circuit 12.
The oflset compensation circuit 12 may be a standalone
device or may be integrated into another device.

The presented method for calculating the position x of the
membrane 3 can be used to compensate non-linearities of
the transducer 1. For example, the non-linear graph of the
driving force factor BL (see FIG. 3) leads to a non-linear
conversion of the electric signals fed to the coil arrangement
6 1nto a movement of the membrane 3. Knowing the position
x of the membrane 3, this non-linearity can be compensated
by altering the electric signals.

FIG. 4 now shows a more concrete embodiment of a
transducer system, particularly of the electronic oil:

2\ D= (L1t Zeo ) 1, () BL12

set com-
pensation circuit 12 connected to the coil arrangement 6,
which 1s shown by the inductances L1 and L2 1n FIG. 4. The
clectronic oflset compensation circuit 12, comprises an
oflset calculation module 13, a position calculation module
14, a sound signal changmg module 135, a mixer 16 and a
power amplifier 17.

The oflset calculation module 13 1s connected to a current
measuring device A, and a first voltage measuring device V1
and a second voltage measuring device V2. As explained
above, the electromotive force U, o of the first coil 7 and
the electromotive force U_, » of the second coil 8 can be
calculated based on the mput current I, (t) to the first coil 7
and the second coil 8, which 1s measured with the current
measuring device A, the input voltage U . (t) to the first coil
7, which 1s measured with the first voltage measuring device
V1, the input voltage U, ,(t) to the second coil 8, which 1s
measured with the second voltage measuring device V2, and
the coil resistance Z,, of the first coill 7 and the coil
resistance 7, of the second coil 8, which are considered to
be known from a separate measurement. Based on this
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information, the oflset calculation module 13 calculates a
control voltage U ..., which 1s applied to the coils 7 and 8.

The oflset calculation module 13 especially may comprise
a delta sigma modulator which does the oflset compensation
according to a delta sigma modulation. In this case, a
deviation from the target relation between the electromotive
torce U, of the first coil 7 and the electromotive force
U,,.» ot the second coil 8 1s summed with opposite sign and
applied to the coil arrangement 6 thus compensating the
above deviation and thus heading for the desired 1dle posi-
tion IP. A delta sigma modulator can also be considered as
an integral controller, and other integration controllers may
be used 1n the oflset calculation module 13 as well. The
application of the control voltage U ., by the off:

set cal-
culation module 13 may also be based on a parameter
derived from the electromotive torce U,, 4, U, » as dis-
closed hereinbetore.

In addition to an optional first filter 1n the oflset calcula-
tion module 13 a second filter 18 may be arranged down-
stream of the offset calculation module 13. The first filter
avoids that the oflset calculation module 13 interferes with
the sound output of the transducer 1. The second filter 18
reduces or avoids instability in the control loop.

As explained above, also the position x can be calculated
by use of the input current I, (t) to the first coill 7 and the
second coil 8, the mput voltage U, (1) to the first coil 7, the
input Voltage U. ,(t) to the second coil 8 as well as the
driving force factor BL(X) of the transducer 1. This job 1s
performed by the position calculation module 14, which
calculates the position x of the membrane 3 and in this
example outputs 1t to the sound signal changing module 15.
The sound signal changing module 15 compensates non-
linearity 1n the driving force factor BL(X) (see FIG. 3) based
on the membrane position x. Concretely, the sound signal
changing module 15 alters the mnput sound signal U, .
based on the membrane position x and the driving force
factor BL(x) and outputs an altered sound signal U._ . so
that sound emanating from the transducer 1 fits to the sound
signal U, _ . as best as possible, and distortions are kept
low. Alternatively or in addition, the level of the sound
signal U, . may be limited, or it may be cut off by the
sound signal changing module 15 at high membrane excur-
s1ons X so as to avoid damages of transducer 1. Of course,
the membrane position X may also be used for other controls
and output to external electronic circuits.

It should be noted at this point that shifting the idle
position IP of the membrane 3 does not necessarily mvolve
the position calculation as presented above. Shifting the idle
position IP of the membrane 3 may simply be based on
altering the desired relation between the electromotive force
U,,.» of the first coil 7 and the electromotive force U, » of
the second coil 8 or based on altering a desired relation of
parameters derived from the electromotive forces U, -,
U_ .
It should also be noted that 1n the example shown 1n FIG.
4 both the position calculation module 14 and the sound
signal changing module 15 comprise information about the
driving force factor BL(x). In the position calculation mod-
ule 14 this information 1s used to calculate the membrane
position X, whereas 1n the sound signal changing module 135
the sound signal U._ . 1s altered by use of the driving force
factor BL(x). Of course, both functions can be integrated
into a single module, and of course the sound signal chang-
ing module 15 can also comprise other information about the
transducer 1 up to a complete model so as to avoid distor-
tions when converting the sound signal U, . to sound.
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In the example shown in FIG. 4, the control voltage
U %, 18 mixed with the altered sound signal U._ . by the
mixer 16. Finally, the mixed signal 1s amplified by the power
amplifier 17 and applied to the transducer 1. Because of the
mixer 16, the altered sound signal U, . 1s applied during
application of a control voltage U ;.

It should be noted that the electronic offset compensation
circuit 12 just shows the general function by use of func-
tional blocks for 1llustrating purposes. Putting the disclosed
functions into practice may need amendments of the elec-
tronic oflset compensation circuit 12 and more detailed
clectronics. Functional blocks do not necessarily coincide
with physic blocks 1n a real oflset compensation circuit 12.
A real physic block may incorporate more than one of the
functions shown 1n FIG. 4. Moreover, dedicated functions of
the functions shown 1n FIG. 4 may also be omitted 1n a real
oflset compensation circuit 12, and a real offset compensa-
tion circuit 12 may also perform more than the discloses
functions.

For example, the position calculating module 14 and the
sound signal changing module 15 may be omitted. In this
case, the sound signal U, . 1s applied to the transducer
unchanged. In a further example, just the sound signal
changing module 15 i1s omitted. In this case the position
calculating module 14 may output the position x to an
external sound signal changing circuit. One skilled in the art
will also easily realize that the power amplification and the
mixing can be done with just one amplifier.

In this example, both the control voltage U ., and the
altered sound signal U, . are applied to both the first coil
7 and the second coil 8, 1.e. to an outer tap of the coil
arrangement 6. Nevertheless, this 1s an advantageous solu-
tion, 1t 1s not the only one. In an alternate embodiment, the
control voltage U -», 1s applied just to the first coil 7 and the
(altered) sound signal U, . 1s applied to just the second
coil 8. In this case, a mixer 16 can be omitted as the control
voltage U_,,»; and the altered sound signal U, . are
superimposed by the movement of the membrane 3.

In summary, the electronic oflset compensation circuit 12,
depending on which functions 1t comprises, provides a
proper solution for feeding a sound signal U, . to a
transducer 1 while keeping distortions low and while avoid-
ing damage of the transducer 1. In combination with the
transducer 1 an advantageous transducer system 1s presented
which allows for easy operation. A user just needs to feed a
signal to be converted into sound to the transducer system
and does not need to care about distortions and/or avoiding
damage of the transducer 1. Preferably, the electronic offset
compensation circuit 12 and the transducer 1 are embodied
as a single device or module. For example, the electronic
oflset compensation circuit 12 can be arranged 1n the hous-
ing 2 of the transducer 1.

Generally, the transducer 1 respectively the membrane 3
may have any shape 1n a top view, 1n particular a rectangular,
circular or ovular shape. Furthermore, the coils 7 and 8 may
have the same height or different heights, the same diameter
or different diameters as well as the same number of winding
or different numbers of windings.

It should be noted that although avoiding an ofiset of the
membrane 3 was just disclosed in the advantageous context
with the calculation of a membrane position x, avoiding an
oflset of the membrane 3 1s not limited to this particular
application. In contrast, 1t may also be used for simply
shifting the membrane 3 1nto that position, which 1s intended
as the 1dle position IP by design thereby compensating
tolerances and improving the performance of the transducer

1 1n general. Accordingly, distortions of the audio output of
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the transducer 1 can be reduced and/or symmetry may be
improved thereby allowing for the same membrane stroke 1n

forward and backward direction. The membrane 3 may also
be shifted to an altered desired idle position IP so as to alter
the sound characteristics of the transducer 1.

It should be noted that the invention 1s not limited to the
above mentioned embodiments and exemplary working
examples. Further developments, modifications and combi-
nations are also within the scope of the patent claims and are
placed 1n the possession of the person skilled 1n the art from
the above disclosure. Accordingly, the techniques and struc-
tures described and 1llustrated herein should be understood
to be illustrative and exemplary, and not limiting upon the
scope of the present invention. The scope of the present
invention 1s defined by the appended claims, including
known equivalents and unforeseeable equivalents at the time
of filing of this application. Although numerous embodi-
ments ol this invention have been described above with a
certain degree of particularity, those skilled 1n the art could
make numerous alterations to the disclosed embodiments
without departing from the spirit or scope of this disclosure.

Particularly, it should be noted that the position calcula-
tion method and the position calculation module 14 for
calculating a membrane position X as well as a transducer
system comprising such a position calculation module 14
(1.e. the features of any one of claims 10-17, 19 and 20) can
form the basis of an independent invention without the
limitations of claims 1 and 18.

The very same counts for the application of a sound signal
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(1.e. the features of claim 9) as well as a transducer system
with those features, which can form the basis of an inde-
pendent invention without the limitations of claims 1 and 18.

LIST OF REFERENCES

1 electrodynamic acoustic transducer

2 housing,

3 membrane

4 bending section

5 stiflened center section

6 coil arrangement

7 first coil

8 second coil

9 magnet

10 pot plate

11 top plate

12 electronic offset compensation circuit
13 oflset calculation module (with optional first filter)
14 position calculation module

15 sound signal changing module

16 mixer

17 power amplifier

18 second filter

A current measuring device

B magnetic field

BL dniving force factor

BL1 driving force factor of the first coil
BL2 driving force factor of the second coil
I. 1nput current

L1 inductance of the first coil

[.2 inductance of the second coil

MP magnetic zero position

IP desired idle position

T1 ... T3 connection terminals

U1 voltage at the first coil

U2 voltage at the second coil
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U =7 control voltage

U, 1input voltage

U, . sound signal

U, . altered sound signal

v membrane velocity

V1 first voltage measuring device
V2 second voltage measuring device
X membrane excursion

What 1s claimed 1s:

1. A method for avoiding an oflset of a membrane of an
clectrodynamic acoustic transducer, wherein the electrody-
namic acoustic transducer comprises a voice coil arrange-
ment attached to the membrane, the voice coil arrangement
having a first voice coil and a second voice coil, the method
comprising;

applying a control voltage U ..., to at least one of the first

voice coil and the second voice coil; and

altering the control voltage U ..., until a calculated value

of the electromotive force U_, , of the first voice coil
or a parameter derived thereof and a calculated value of
the electromotive force U, -, of the second voice coil
or said parameter dertved thereof substantially reach a
predetermined numeric relation.

2. The method as claimed 1n claim 1, wherein the elec-
tromotive force U, , of the first voice coil and the electro-
motive torce U, » of the second voice coil are calculated by
the formulas:

Uemﬂ — er'nl (r)_ZCl .Iz'n (f)

Uemﬂ — brz'n.? (I)_ZCE .Iz'n (f)

wherein 7, 1s the coil resistance of the first voice coil,
U, (1) 1s the input voltage to the first voice coil at the
time tand I, (t) 1s the input current to the first voice coil
at the time t and wherein Z -, 1s the coil resistance of the
second voice coil, U, ,(¢) 1s the input voltage to the
second voice coil at the time t and I, (t) 1s the 1nput
current to the second voice coil at the time t.

3. The method as claimed 1n claim 2, wherein a parameter
derived from the electromotive force U, ,, U,, ~ 1s an
absolute value of the electromotive force U, 4, U,, », a
square value of the electromotive force U_, 4, U, » or a root
mean square value of the electromotive torce U, o, U, .

4. The method as claimed 1n claim 3, wherein the control
voltage U .., 1s applied to at least one of the first and
second voice coils and altered until the low pass filtered
electromotive force U, , of the first voice coil or a param-
cter derived thereot and the low pass filtered electromotive
torce U,, » of the second voice coil or said parameter
derived thereot substantially reach a predetermined numeric
relation.

5. The method as claimed 1n claim 4, wherein a delta
sigma modulation 1s used for applying a control voltage
U,»; t0 at least one of the first and second voice coils.

6. The method as claimed 1n claim 35, wherein a signal
output of the delta sigma modulator 1s filtered before 1t 1s
applied to at least one of the first and second voice coils.

7. The method as claimed in claim 4, wherein a control
voltage U .., 1s applied to both the first voice coil and the
second voice coil.

8. The method as claimed in claim 7, wherein a sound
signal 1s applied to the first voice coil and/or the second
voice coil during application of a control voltage U ;.

9. The method as claimed 1n claim 8, wherein the voice
coil arrangement further comprises the first voice coil and
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the second voice coil being serially connected, and wherein
the sound signal 1s only applied to an outer tap of one of the
first or second voice coils.

10. The method as claimed 1n claim 1, comprising the
steps of:

a) calculating a velocity of the membrane based on an
input voltage U_ and an input current I, to at least one
of the first or second voice coils of the transducer and
based on an 1dle driving force factor of the transducer
when the membrane 1s 1n an idle position;

b) calculating a position of the membrane by integrating
said velocity;

¢) calculating the velocity of the membrane based on the
input voltage U, and the input current I, to the at least
one of the first or second voice coils of the transducer
and based on a driving force factor of the transducer at
the position of the membrane calculated 1n step b); and

d) recursively repeating steps b) and ¢).

11. The method as claimed 1n claim 10, characterized 1n
that the velocity, the mput voltage U, , the imnput current I, ,
the 1dle driving force factor, the driving force factor and the
position are related to the same point in time.

12. The method as claimed 1n claim 10, characterized in
that the velocity, the mput voltage U, , the input current I, ,
the 1dle driving force factor, the driving force factor and the
position are related to different points in time.

13. The method as claimed 1n claim 12, comprising the
steps of:

a) calculating a velocity v(t) of the membrane based on an
input voltage U, (t) and an input current I, (t) to at least
one of the first or second voice coils of the transducer
and based on an 1dle driving force factor of the trans-
ducer when the membrane 1s 1n an 1dle position;

b) calculating a position x(t) of the membrane by inte-
grating said velocity v(t);

¢) calculating the velocity v(t+1) of the membrane based
on the mput voltage U_ (t+1) and the mput current
I. (t+1) to the at least one of the first or second voice
coils of the transducer and based on a driving force
factor BL(x(t) of the transducer at the position x(t) of
the membrane calculated 1n step b); and

d) recursively repeating steps b) and ¢) wherein t gets t+1.

14. The method as claimed 1n claim 10, wherein the
position x(t) of the membrane 1s calculated by the formula:

x(D)=x(1-1)+v(r)-At.

15. The method as claimed in claim 14, wherein the
velocity v(t) of the membrane 1s calculated by the formula:

W=V (-2 1, (1) YBL(0) n step a) or by

v(it+1)=(U. (t+1)-Z~1 (t+1))/BL(x(t)) 1n step c)

16. The method as claimed in claim 14, wherein the
velocity v—(t) of the membrane 1s calculated by the formula:

v(t+1)=v_(r+1)-BL(0)/BL(x(t)) 1n step ¢) wherein

v_(t+1)=(U, (+1)-Z~1. (t+1))/BL(0)

17. The method as claimed in claim 14, wherein the
velocity v—(1) of the membrane 1s calculated by use of
the electromotive force U,, 4 of the first voice coil, or
the electromotive force U, », of the second voice coil, or
the sum of the electromotive force U_, 4 of the first voice
coil and the electromotive force U, » ot the second
voice coil.
18. An electronic offset compensation circuit configured
to be connected to a voice coil arrangement of an electro-
dynamic acoustic transducer, wherein the electrodynamic
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acoustic transducer comprises a membrane attached to the
voice coil arrangement and a magnet system configured to
generate a magnetic field transverse to a longitudinal direc-
tion of a wound wire of the voice coil arrangement, wherein
the voice coil arrangement comprises a first voice coil and
a second voice coil, and wherein the electronic offset com-
pensation circuit 1s further configured to apply a control
voltage U ..., to at least one of the first and second voice
coils and to alter said control voltage U .., until a calcu-
lated value of the electromotive torce U,  of the first voice
coil or a parameter derived thereof and a calculated value of
the electromotive force U_, » of the second voice coil or a
parameter derived thereof substantially reach a predeter-
mined numeric relation.

19. The electronic offset compensation circuit as claimed
in claim 18, wherein the electronic oflset compensation
circuit 1s further configured to:

a) calculate a velocity of the membrane based on an input
voltage U, and an input current I to at least one of the
first and second voice coils and based on an 1dle driving
force factor of the transducer when the membrane 1s 1n
an 1dle position;

b) calculate a position of the membrane by integrating
said velocity;

¢) calculate the velocity of the membrane based on the
iput voltage U and the mput current I, to the coil of
the transducer and based on a driving force factor of the
transducer at the position of the membrane calculated
in step b); and

d) recursively repeat steps b) and c).

20. An electrodynamic acoustic transducer comprising:

an electronic oflset compensation circuit;
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a voice coil arrangement electrically connected to the

offset compensation circuit, wherein the voice coil
arrangement comprises a first voice coil and a second
voice coil;

a membrane attached to the voice coil arrangement; and

a magnet system configured to generate a magnetic field
transverse to a longitudinal direction of a wound wire
of the voice coil arrangement,

wherein the electronic oflset compensation circuit 1s con-
figured to apply a control voltage U ..., to at least one
of the first and second voice coils and to alter said
control voltage U ..., until a calculated value of the
electromotive tforce U,, o of the first voice coil or a
parameter derived thereof and a calculated value of the
electromotive force U,, » ot the second voice coil or a
parameter derived thereof substantially reach a prede-
termined numeric relation.

21. The electrodynamic acoustic transducer of claim 20,
wherein the electronic oflset compensation circuit 1s further
configured to:

a) calculate a velocity of the membrane based on an 1nput
voltage U. and an input current I, to at least one of the
first and second voice coils and based on an 1dle driving
force factor of the transducer when the membrane 1s 1n
an 1dle position;

b) calculate a position of the membrane by integrating
said velocity;

¢) calculate the velocity of the membrane based on the
input voltage U_ and the input current I, to the coil of
the transducer and based on a driving force factor of the
transducer at the position of the membrane calculated
in step b); and

d) recursively repeat steps b) and ¢).

G ex x = e
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